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Characteristics of the pelage and tail often are cited (Choate, 1973; Osgood, 1909) as useful for differentiating Peromyscus leucopus from Peromyscus maniculatus. However, the reliability of these characteristics remains unclear and several workers have experienced problems (Choate, 1973; Waters, 1962) . Blair (1950) indicated that populations of Peromyscus separated by only a few kilometers may exhibit significant differences in pelage and body dimensions.
According to Choate (1973) P. maniculatus usually has a tail that is as long or longer than the head or body, is distinctly white on the ventral surface, and frequently has a well-defined pencil. In contrast, P. leucopus rarely has a tail that is as long as the head and body, is usually darker than white on the ventral surface, and rarely has a well-developed pencil. Using these characteristics of the tail and pelage, Choate (1973) sorted 54 adult individuals from a single locality into two groups (P. leucopus and P. maniculatus). He then used 11 cranial measurements to develop a discriminant-function equation to distinguish the two.
Chromosomal 
METHODS AND MATERIALS
Specimens of P. leucopus (n = 111) and P. maniculatus (n = 93) used in this study were collected from 31 locations in Maine, Massachusetts, New Brunswick, and Nova Scotia (Appendix I). The utility of the discriminant-function equations developed in this study was examined with 50 additional specimens collected from nine localities in Vermont (Appendix I). Museum skins and skulls were prepared and placed in the Zadock Thompson Natural History Collections at the University of Vermont.
Samples of saliva were collected by rinsing the mouth of a live or dead animal with 1-2 ml of distilled water, and then storing this wash in liquid nitrogen. The amylase-protein molecule is extremely stable and no reduced resolution of electromorphs between samples collected from live animals and those from dead specimens was observed. Four drops of 30% glycerol-0. Because variation in cranial morphology by age class of Peromyscus has been reported (Dice, 1936), skulls were aged using a modified version of the method described by Koh and Peterson (1983). Specimens for which study skins had been prepared were grouped into two age categories, adult and subadult, based on pelage. Degree of dental attrition was compared between these age categories (Hinesley, 1979). Adult specimens showed heavy wear on cusps of molar teeth. Subadults showed more qualitative variation in degree of wear of molar toothrow. Therefore, this group was subdivided into two groups; subadults, for which wear of molar toothrow was moderate, and juveniles, which showed little detectable wear on molar teeth.
Analysis-of-variance tests were applied to determine significant differences (P < 0.05) among populations. Standard analysis-of-variance tests were used when no significant heterogeneity of variances (P < 0.05) was determined by Levene's test. Where variances were not homogeneous, a nonparametric method (Welch's analysis-of-variance test) was used to test significance. All statistical procedures were performed using the statistical software package JMP (SAS Institute, Inc., 1994). Comparisons were made to determine significant differences between species and among age classes within species. We conducted two analyses to calculate classification rules to group specimens by species based on cranial measurements. The first function was derived from all 12 variables. The second classification rule was calculated from all measurements except zygomatic breadth. Elimination of zygomatic breadth from the model allowed inclusion of several skulls for which zygomatic arches were broken. Both discriminant equations were compared with Choate's (1973) to assess their usefulness in discriminating between P. leucopus and P. maniculatus.
RESULTS
Two alleles (AMY-178 and AMY-1100) were predominant among the two species. All P. maniculatus examined had the AMY-178 allele. Most populations of P. leucopus were fixed for the faster AMY-1i00 allele. The single exception, the population of P. leucopus from Readfield, Maine (n = 7), had a third allele, AMY-1109, occurring at a frequency of 0.36. These results assured us that our designations of species were correct.
Significant differences (P < 0.05) were observed in several measurements between age classes within species. The objective of this analysis, however, was to construct a discriminant-function equation that classi- fies all specimens by species, therefore all age classes were grouped. Eight of the 12 cranial measurements were significantly different (P < 0.05) between P. leucopus and P. maniculatus. Length of bony palate, total length of toothrow, breadth across molars, and breadth of pterygoid were not significantly different. P. leucopus was larger for the eight measurements that were different.
For both of our discriminant equations (Table 1) , determination of species was based on the sign of the resulting discriminant score. If the value was positive (I > 0), then the specimen was P. maniculatus, and if the value was negative (I < 0), the specimen was P. leucopus.
We evaluated each discriminant equation for its effectiveness in classifying skulls by species. Choate (1973) indicated a distinct gap in the bimodal distribution of discriminant scores. He found that P. maniculatus had discriminant scores <32.5, whereas P. leucopus had scores above this value. The distribution of discriminant scores derived from Choate's (1973) equation applied to the 92 adult specimens of both species examined in this study was not significantly different (P < 0.05) from normal as demonstrated by the Shapiro-Wilk test (Fig.  lA) . This would suggest that no natural cutoff value exists to distinguish these species.
However, the distribution of our 12-variable scores was significantly different from a normal distribution (Fig. IB) . A scatter plot of the first and second canonical scores showed the clear discrimination of the two species (Fig. 2) .
Choate's (1973) equation successfully classified only 56% of the skulls correctly. Incorrect classifications were distributed equally among the age classes. Of the 92 skulls of adults included in this sample, 34% were classified incorrectly. Interestingly, all misclassifications were P. leucopus misidentified as P. maniculatus. Our 12-and 11-variable discriminant equations correctly classified 100 and 94% of all specimens, respectively. Total congruence also was observed between the designation of species by the discriminant equation (12-variable) and salivary amylase phenotypes among 50 Peromyscus from nine localities in Vermont. Although the 11-variable equation demonstrated <100% accuracy, it was still useful for classifying animals lacking zygomatic arches with >90% confidence.
Of the 204 specimens initially examined, 40 skins of adults could be assigned to species based on characteristics of the pelage and tail outlined by Choate (1973). Only 22 (55%) of these specimens of adults were classified correctly. The discriminant-multiplier equation of Choate (1973) was applied to the 164 skulls with unbroken zygomatic arches examined in this study and correctly classified only 66% of the specimens of adults and 56% of all skulls measured. Because all misclassifications were P. leucopus identified as P. maniculatus, this would suggest that the cutoff point for discriminant scores was incorrect. However, analysis of the distribution of discriminant scores (Fig. 1) indicates that no contiguous set of values could be attributed to P. maniculatus alone. This is not surprising because the discriminant analysis of Choate (1973) is based on small samples (n = 27) from a single location in central Vermont.
Qualitative external features, such as the ratio of length of tail to length of body or pelage differences, were not consistently Because salivary amylase phenotyping and discriminant-function analysis work so well to discern differences between P. leucopus and P. maniculatus, these techniques might prove useful for other members of the genus. P. gossypinus and P. leucopus interbreed freely in the lab (Dice, 1968) and hybrids have been reported in wild populations (McCarley, 1954) . Because these two species differ only in size, they can be difficult to distinguish in areas where they occur sympatrically and may interbreed (Wolff and Linzey, 1977) . Use of the salivary amylase technique and discriminant analysis may help to make definitive identifications of these taxa.
